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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the PLL In which 
a clock signal, whose frequency is a half of a bit rate 
of an input NRZ signal, is extracted from the Input NRZ 
signal. 

SOLUTION: A VCO 8 that generates a clock signal, 
whose frequency Is a half of a bit rate of an input NRZ 
signal, generates two signals whose phase difference is 
90°. The signals are given to data input terminals of 
D-F/F 2, 3. The D-F/F 2, 3 conduct phase identification 
of output signals of the VCO 8 at a leading of the Input 
signal received by a clock signal input terminal. CMOS 
switches 4, 5 are closed/open, based on an output of the 
D-F/F3 to get through or block an output of the D-F/F2, 
so that their outputs are signals that denote whether 
the phase of the clock signal Is leading to or lagging 
behind the phase of the input signal. 
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English Translation of Japanese Laid-Open Patent Application 
NO. 10-126400 

(54) [Title of the Invention] 
PLL 

(57) [Abstract] 
[Task] 

To provide a PLL capable of extracting a clock signal 
having 1/2 frequency of a bit rate of an input NRZ signal from 
the input NRZ signals. 
[Solution] 

A VCO 8 capable of generating a clock signal having 1/2 
frequency of a bit rate of an input NRZ signal generates two 
signals having the phase difference of 90 degrees with each 
other. These signals are supplied to data input terminals, 
namely, D-F/F 2 and D-F/F 3. The D-F/F 2 and D-F/F 3 perform 
the phase identification of an output signal of the VCO at the 
rise of an input signal to be inputted in a clock signal input 
terminal. CMOS switches 4 and 5 are turned on and off on the 
basis of the output of the D-F/F 3 and then, the CMOS switches 
4 and 5 put through and intercept the output of the D-F/F 2 so 
that the output thereof becomes a signal indicating whether the 
phase of the clock signal gets ahead of or gets behind the phase 
of the input signal. 
[Claims] 

1. A PLL having a VCO for generating a clock signal 
having a frequency in accordance with an input voltage, a phase 
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comparator for comparing a phase of an input signal with a phase 
of the clock signal and a loop filter for filtering the output 
of the phase comparator and supplying the filtered output to 
the VCO as the input voltage; 

wherein the VCO generates an auxiliary clock signal 
having a phase difference of 90 degrees with respect to the 
present clock signal as well as generates the clock signal; 

the phase comparator compares the phase of the input 
signal with the phase of the clock signal and further and 
compares the phase of the input signal with the phase of the 
auxiliary clock signal, so that, in the case that the clock 
signal has a clock frequency that is 1/2 of a bit rate of the 
input signal, it is possible to supply a signal indicating 
whether the phase of the clock signal gets advance of or gets 
behind the phase of the input signal to the loop filter by 
combining these phase comparison results. 

2. A PLL according to claim 1, 

wherein the phase comparator has two D flip flops., in 
which the clock signal and the auxiliary clock signal are 
inputted in a data input terminal, respectively, and these input 
signals are together inputted in a clock input terminal; and 
a gate circuit for generating a signal indicating whether the 
phase gets advance or behind from the output of the two D flip 
flops . 

3. A PLL according to claim 2, 

wherein the gate circuit comprises a pair of CMOS switches 
for putting through / intercepting a positive logical output 
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and a negative logical output of one of the two D flip flops 
on the basis of a positive logical output and a negative logical 
output of other one of the two D flip flops. 
4. A PLL according to claim 2, 

wherein the gate circuit comprise an exclusive logical 
addition gate for outputting a positive logical output or a 
negative logical output of one of the two D flip flops and a 
positive logical output or a negative logical output of other 
one of the two D flip flops, 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FILED TO WHICH THE INVENTION PERTAINS] 

The present invention relates to a PLL and particularly, 
the present invention relates to a PLL for extracting a clock 
signal from NRZ signals. 
[0002] 
[PRIOR ART] 

In a field of an optical communication or the like, as 
a transmission signal, a NRZ (Non Return to Zero ) signal is often 
used. It is because that the NRZ signal is different from a 
RZ (Return to Zero) signal in that a required bandwidth is about 
2/3 of a bit rate so that a burden to a high speed electric 
circuit . 
[0003] 

However, the NRZ signal does not have a spectrum component 
of a clock signal. Therefore, in order to extract the clock 
signal from the NRZ signals, it is necessary to perform the 
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non-linear operation. As a method to extract the clock signal, 
there are a system for combining a non-linear circuit and a 
filter and a system for using a PLL (Phase Locked Loop: a phase 
synchronization circuit) . Compared to the system for 
combining the non-linear circuit and the filter, the system for 
using the PLL is compact. However, since it is not possible 
to use a mixer to be used in the PLL such as a RZ signal or the 
like for the phase comparison of the NRZ signal and the clock 
signal, other phase comparing method should be adopted. 
[0004] 

A conventional PLL for a NRZ signal is shown in FIG. 4. 
For example, such a PLL is shown in a document ISSCC93, TP10, 
4, in FIGS. 1 and 2 . 
[0005] 

The PLL shown in FIG. 4 has two D-F/F (D-flip flop) 41, 

42, which are connected to an input terminal 40, a loop filter 

43, an amplifier 44 and a VCO (Voltage Controlled Oscillator) 
45. In this case, two D-F/F 41 and 42 constitute a phase 
comparator . 

[0006] 

In this PLL, an input signal (a NRZ signal), which is 
inputted in an input terminal 40, is branched into two to be 
supplied to a clock input terminal (a C terminal) of the D- 
F/F 41 and 42. Alternatively, clock signals are supplied from 
a VCO 45 to data input terminals (D terminals) of the D-F/F 41 
and 42, respectively. 
[0007] 
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The D-F/F 41 identifies a clock signal at the rise of the 
input signal and outputs a signal indicating a phase relation 
between the input signal and the clock signal. In other words, 
when the phase of the clock signal gets ahead of the phase of 
the input signal, the D-F/F 41 outputs "1" to a positive logical 
output terminal (a Q terminal) . On the contrary, when the phase 
of the clock signal gets behind the phase of the input signal, 
the D-F/F 41 outputs "0" to the positive logical output terminal . 
Alternatively, the D-F/F 42 identifies the clock signal at the 
rise of the input signal and outputs a signal outputs a signal 
indicating a phase relation between the input signal and the 
clock signal. When the phase of the clock signal gets ahead 
of the phase of the input signal, the D-F/F 41 outputs "0" to 
a negative logical output terminal (a QB terminal) . On the 
contrary, when the phase of the clock signal gets behind the 
phase of the input signal, the D-F/F 41 outputs "1" to the 
positive logical output terminal. 
[0008] 

The loop filter 43 intercepts a high pitch component of 
the output signal of the D-F/F 41, 42. Then, the amplifier 44 
amplifies the output of the loop filter 43 and controls the 
oscillation frequency of the VCO 45. 
[0009] 

As described above, a PLL capable of establishing the 
phase synchronization with respect to the NRZ signal to be 
inputted is realized. 
[0010] 
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Japanese Patent Laid-open Publication No. 4-2221188, 
Japanese Patent Laid-open Publication No. 4-207631 and Japanese 
Patent Laid-open Publication No. 62-183216 or the like disclose 
the PLL by the use of two D-F/F. However, any PLL is not 
associated with the NRZ signal. 
[0011] 

[TASK TO BE SOLVED BY THE INVENTION] 

According to the conventional PLL, each circuit is 
constituted by the use of a bipolar transistor. However, in 
the case of realizing such a phase comparative circuit by CMOS, 
the electric power consumption should be decreased. 

[0012] 

In the circuit by the use of the CMOS, lower the 
operational frequency is, the smaller the current amount 
flowing through the circuit (i.e., an average current) is, so 
that it becomes possible to decrease the electric power 
consumption. Alternatively, in the case that an output 
destination of the clock signal from the PLL is a DMUX circuit 
or the like, the frequency of the clock to be outputted by the 
VCO is allowed to be 1/2 of a clock frequency (a bit rate) of 
the input signal. Accordingly, if the frequency of the clock 
to be outputted by the VCO is made into 1/2 of the bit rate of 
the input signal and it is possible to make the operational 
frequency of the phase comparative circuit into 1/2 of the 
conventional one, the electric power consumption of the PLL is 
supposed to be decreased. 
[0013] ' 
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However, the conventional PLL is not capable of comparing 
the phase of the input signal with the phase of the clock signal 
in the case that the clock signal from the VCO is 1/2 of the 
bit rate of the input signal. In other words, this involves 
a problem such that the conventional PLL does not operate as 
a PLL. 
[0014] 

An object of the present invention is to provide a PLL 
capable of extracting a clock signal having a frequency that 
is 1/2 of its .bit rate, thereby capable of decreasing the 
electric power consumption. 
[0015] 

[SOLUTION FOR THE TASK] 

According to the present invention, it is possible to 
obtain a PLL having a VCO for generating a clock signal having 
a frequency in accordance with an input voltage, a phase 
comparator for comparing a phase of an input signal with a phase 
of the clock signal and a loop filter for filtering the output 
of the phase comparator and supplying the filtered output to 
the VCO as the input voltage; wherein the VCO generates an 
auxiliary clock signal having a phase difference of 90 degrees 
with respect to the present clock signal as well as generates 
the clock signal; the phase comparator compares the phase of 
the input signal with the phase of the clock signal and further 
and compares the phase of the input signal with the phase of 
the auxiliary clock signal, so that, in the case that the clock 
signal has a clock frequency that is 1/2 of a bit rate of the 
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input signal, it is possible to supply a signal indicating 
whether the phase of the clock signal gets advance of or gets 
behind the phase of the input signal to the loop filter by 
combining these phase comparison results. 
[0016] 

Alternatively, according to the present invention, it is 
possible to obtain a PLL, wherein the phase comparator has two 
D flip flops, in which the clock signal and the auxiliary clock 
signal are inputted in a data input terminal, respectively, and 
these input signals are together inputted in a clock input 
terminal; and a gate circuit for generating a signal indicating 
whether the phase gets advance or behind from the output of the 
two D flip flops. 
[0017] 

As the gate circuit, it is possible to use a pair of CMOS 
switches for putting through / intercepting a positive logical 
output and a negative logical output of one of the two D flip 
flops on the basis of a positive logical output and a negative 
logical output of other one of the two D flip flops and further, 
it is possible to use an exclusive logical addition gate for 
outputting a positive logical output or a negative logical 
output of one of the two D flip flops and a positive logical 
output or a negative logical output of other one of the two D 
flip flops. 

[0018] 

[OPERATION] 

The VCO is capable of generating a clock signal with a 
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frequency that is 1/2 of the bit rate of the input signal and 
generates two clock signals having a phase difference of 90 
degrees with each other (0 degree and 90 degrees) . The two clock 
signals are inputted into the data input terminals of the 
different D-F/F. In the clock input terminals of respective 
D-F/F, the input signals are inputted. At the rising timing 
of the input signal, the D-F/F identifies a clock signal. Since 
two clock signals, which are inputted in the data input 
terminals of respective D-F/F, have the phase difference of 90 
degrees with each other, if the outputs of these D-F/F are 
combined by a CMOS switch or the like, a signal indicating the 
advance and the delay of the phase of the clock signal having 
a frequency that is 1/2 of the bit rate of the input signal with 
respect to the input signal is obtained. This signal is used 
for controlling the VCO through a filter and a phase of a clock 
signal to be generated by the VCO is synchronized with a phase 
of the input signal. 
[0019] 

[MODE FOR CARRYING OUT THE INVENTION] 

Hereinafter, the embodiments according to the present 
invention will be explained with reference to the drawings. 
[0020] 

FIG. 1 shows a first embodiment according to the present 
invention. A PLL shown in FIG. 1, a clock input terminal {a 
C terminal) has two D-F/F 2, 3, which are connected to a signal 
input terminal 1, a phase comparative circuit 6 having CMOS 
switches 4, 5, a filter 7 and a VCO 8 capable of outputting a 
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clock signal having a frequency that is 1/2 of a clock rate of 
an input signal and generating a clock signal having a phase 
difference of 90 degrees with each other. 
[0021] 

In this case, a data input terminal (a D terminal) of the 
D-F/F 2 is connected to the VCO 8 so that a clock signal (of 
which phase is synchronized with a phase of a clock signal to 
be supplied to an output terminal 9) having a phase of 0 degree 
is inputted therein. Alternatively, a data input terminal of 
the D-F/F 3 is , connected to the VCO 8 so that a clock signal 
(of which phase gets advance by 90 degrees of a phase of a clock 
signal to be supplied to the output terminal 9) having a phase 
of 90 degree is inputted therein. Further, a positive logical 
output terminal of the D-F/F 2 (a Q terminal) is connected to 
an input terminal of a CMOS switch 4 and a negative logical output 
terminal of the D-F/F 2 (a QB terminal) is connected to an input 
terminal of a CMOS switch 5. Furthermore, a positive logical 
output terminal of the D-F/F 3 is connected to a positive logical 
control terminal of the CMOS switch 4 and a negative logical 
control terminal of the CMOS switch 5. A negative logical 
output terminal of the D-F/F 3 is connected to a negative logical 
control terminal of the CMOS switch 4 and a positive logical 
control terminal of the CMOS switch 5. Then, both of the output 
terminals of the CMOS switches 4 and 5 are connected to an input 
terminal of the filter 7 and an output terminal of the filter 
7 is connected to a control terminal of the VCO 8, so that they 
constitute a PLL. 
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[0022] 

In the next place, with reference to FIG. 2, the operation 
of the PLL shown in FIG. 1 will be explained. At first, a method 
to compare a phase of a clock having a frequency that is 1/2 
of a bit rate of an input signal (a NRZ signal) with a phase 
of an input signal will be explained. 
[0023] 

Since there is a phase difference of 90 degrees with each 
other between the phases of the two clock signals to be generated 
by the VOC 8, a relation as shown in FIG. 2(a) is obtained. In 
this case, one period of the clock signal of 0 degree is divided 
into four and respective areas are defined as a , j3 , y and 5 . 
One bit of the input signal corresponds to a half period of the 
clock signal, so that, when its rise exists in the area of a 
or the area of y , the phase of the clock signal gets advance 
of the phase of the input signal. Alternatively, when the rise 
of the input signal exists in the area of j3 and the area of 

5 , the phase of the clock signal gets behind the phase of the 
input signal. 

[0024] 

When the rise of the input signal is found in the area 
a, the clock signal of 0 degree is in a condition of "1". 
Additionally, when the rise of the input signal is found in the 
area j3 , the clock signal of 0 degree is also in a condition 
of "1". Accordingly, it is not possible to determine what area 
the rise of the input signal exists in only from the condition 
of the clock signal of 0 degree. In other words, it is not 
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possible to determine whether the phase of the clock signal gets 
advance of or gets behind the phase of the input signal. 
Similarly, when the rise of the input signal exists in the areas 
y and 5 , it is also not possible to determine whether the phase 
of the clock signal gets advance of or gets behind the phase 
of the input signal. 
[0025] 

However, with respect to the clock signal of 90 degrees, 
if the rise of the input signal exists in the area a , it is 
in a condition of "1"-. On the contrary, if the rise of the input 
signal exists in the area & , it is in a condition of "0". 
Alternatively, if the rise of the input signal exists in the 
area y, it is in a condition of "0". On the contrary, if the 
rise of the input signal exists in the area 5 , it is in a 
condition of "1". Accordingly, in view of both conditions of 
the cock signal of 0 degree and the cock signal of 90 degrees, 
it possible to determine what area the rise of the input signal 
exist in. In other words, it is possible to determine whether 
the phase of the clock signal gets advance of or gets behind 
the phase of the input signal. In the PLL shown in FIG. 1, such 
determination is realized by two D-F/F 2, 3. 
[0026] 

The D-F/F 2, 3 sample the cock signal of 0 degree and the 
cock signal of 90 degrees at timing of the rise of the input 
signal, respectively. In the case that the phase of the cock 
signal of 0 degree gets advance of the phase of the input signal, 
for example, the wave forms shown in FIG. 2(b) are obtained. 
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In other words, at sampling points A and B, the D-F/F 2 outputs 
"0" to the positive logical output terminal and the D-F/F 3 also 
outputs "0" to the positive logical output terminal. This 
corresponds to the case that the rise of the input signal exists 
in the area y shown in FIG. 2(a) . Alternatively, at a sampling 
point C, the D-F/F 2 outputs "1" to the positive logical output 
terminal and the D-F/F 3 also outputs "1" to the positive logical 
output terminal. This corresponds to the case that the rise 
of the input signal exists in the area a shown in FIG. 2(a) . 
[0027] 

In the case that the both of the D-F/F 2 and 3 output "1" 
to the positive logical output terminal and outputs "0" to the 
negative logical output terminal, on the basis of the output 
of the D-F/F 3, the CMOS switch 4 is turned on and the CMOS switch 
5 is turned off. Then, since the input terminal of the CMOS 
switch 4 is provided with "1" from the positive logical output 
terminal of the D-F/F 2, its output becomes "1" . Alternatively, 
in the case that the both of the D-F/F 2 and 3 output "0" to 
the positive logical output terminal and outputs "1" to the 
negative logical output terminal, on the basis of the output 
of the D-F/F 3, the CMOS switch 4 is turned off and the CMOS 
switch 5 is turned on. Then, since the input terminal of the 
CMOS switch 5 is provided with "1" from the negative logical 
output terminal of the D-F/F 2, its output becomes "1". In other 
words, as shown in FIG. 2 (b) , in the case that the phase of the 
clock signal of 0 degree gets advance of the phase of the input 
signal, "1" is inputted in the loop filter. 
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[0028] 

On the contrary, in the case that the phase of the clock 
signal of 0 degree gets behind the phase of the input signal, 
for example, the wave forms shown in FIG. 2(c) are obtained. 
In other words, at sampling points A' and B' , the D-F/F 2 outputs 
"1" to the positive logical output terminal and the D-F/F 3 
outputs "0" to the positive logical output terminal. This 
corresponds to the case that the rise of the input signal exists 
in the area jS shown in FIG. 2 (a) . Alternatively, at a sampling 
point C , the D-F/F 2 outputs "0" to the positive logical output 
terminal and the D-F/F 3 outputs "0" to the positive logical 
output terminal. This corresponds to the case that the rise 
of the input signal exists in the area 5 shown in FIG. 2(a) . 
[0029] 

In the case that the D-F/F 2 outputs "1" to the positive 
logical output terminal and the D-F/F 3 outputs "0" to the 
positive logical output terminal, on the basis of the output 
of the D-F/F 3, the CMOS switch 4 is turned off and the CMOS 
switch 5 is turned on. In this case, since the input terminal 
of the CMOS switch 5 is provided with "0" from the negative 
logical output terminal of the D-F/F 2, its output becomes "0" . 
Alternatively, in the case that the D-F/F 2 outputs "0" to the 
positive logical output terminal and the D-F/F 3 outputs "1" 
to the positive logical output terminal, on the basis of the 
output of the D-F/F 3, the CMOS switch 4 is turned on and the 
CMOS switch 5 is turned off. In this case, since the input 
terminal of the CMOS switch 4 is provided with "0" from the 
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positive logical output terminal of the D-F/F 2, its output 
becomes "0". Thus, in the case that the phase of the clock 
signal of 0 degree gets behind the phase of the input signal, 
as shown in FIG. 2(c), "0" is inputted in the loop filter. 
[0030] 

As described above, according to the PLL shown in FIG. 
1, the phase comparative circuit 6 is capable of comparing the 
phase of the input signal with the phase of the clock signal 
having a frequency that it 1/2 of the bit rate of the input 
signal. 
[0031] 

The comparison result at the phase comparative circuit 

6 is supplied to the VCO after it is outputted to the filter 

7 and the high pitch wave is removed therefrom. 
[0032] 

A PLL for 2.4 Gb/s optical communication having the 
present embodiment was manufactured by way of trial. This PLL 
generates a clock signal of 1.2 GHz in synchronization with a 
NRZ signal to be inputted. Alternatively, a consumption power 
was about 1/2 of a conventional one. 
[0033] 

In the next place, with reference to FIG. 3, a second 
embodiment of the present invention will be explained. This 
PLL has an exclusive logical addition gate (EX - OR) 10 in place 
of the CMOS switches 4 and 5 shown in FIG. 1. 
[0034] 

In the EX-OR 10, its input terminal is connected to the 
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positive logical output terminal of the D-F/F 2 and the negative 
logical output terminal of the D-F/F 3. When the both of the 
D-F/F 2 and 3 output "0" or "1" to the positive logical output 
terminal, the EX-OR 10 outputs "0" . Alternatively, when the 
D-F/F 2 outputs "0" to the positive logical output terminal and 
the D-F/F 3 outputs "1" to the positive logical output terminal 
and when the D-F/F 2 outputs "1" to the positive logical output 
terminal and the D-F/F 3 outputs "0" to the positive logical 
output terminal, the EX-OR 10 outputs "1". Therefore, it is 
possible to realize the same operation as that of the PLL shown 
in FIG. 1. 
[0035] 

According to the present embodiment, by using the 
exclusive logical addition gate, it is possible that other 
circuits constitute the bipolar transistor. Although it is not 
realize to extremely decrease the electric power consumption 
according to this embodiment as the case that the CMOS is used, 
in accordance with lowering of the operation speed, it becomes 
possible to decrease the power supply voltage, so that it can 
be said that this embodiment has an effect of decreasing the 
electric power consumption. 
[0036] 

[EFFECT OF THE INVENTION] 

According to the present invention, a phase of an output 
clock signal and a phase of a clock having a phase difference 
of 90 degrees with respect to the output clock signal are 
compared to a phase of an input signal, respectively. Therefore, 
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even if a frequency of the output clock signal is 1/2 of a bit 
rate of the input signal, it is possible to compare the phase 
of the output clock signal with the phase of the input signal. 
As a result, it is possible to lower the operational speed of 
respective circuits and thereby, lowering of the electric power 
consumption is capable of being realized. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] 

FIG. 1 is a block diagram for showing a first embodiment 
according to the present invention; 
[Figs. 2] 

FIGS. 2 are wave form diagrams for explaining the 
operation of a PLL shown in FIG. 1; FIG. 2 (a) is a drawing 
for explaining a phase relation between a clock signal of 0 
degree and a clock signal of 90 degrees and a phase relation 
between these signals and an input signal; FIG. 2 (b) is an 
output wave form diagram of each part in the case that a phase 
of an output clock signal gets advance of a phase of an input 
signal; and FIG. 2 (c) is an output wave form diagram of each 
part in the case that the phase of the output clock signal gets 
behind the phase of the input signal. 
[Fig. 3] 

FIG. 3 is a block diagram for showing a second embodiment 
according to the present invention; and 
[Fig. 4] 

FIG. 4 is a conventional PLL block diagram. 
[EXPLANATION OF REFERENCE NUMERALS] 
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1: signal input terminal 

2, 3: D-F/F 

4, 5: CMOS switch 

6: phase comparative circuit 

7: filter 

8 : VCO 

9: output terminal 

10: exclusive logical addition gate (EX-OR) 

40: input terminal 

41, 42: D-F/F ,(D-flip flop) 

43: loop filter 

44: amplifier 

45: VCO (Voltage Controlled Oscillator) 
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mm 

FIG. 2 (a) 

VCO output (0 degree) 
VCO output (90 degrees) 

FIG. 2 (b) 
Data input 

VCO output (0 degree) 
VCO output (90 degrees) 
D-F/F 2 output.. (Q) 
D-F/F 3 output (Q) 
Loop filter input 



